Although there is an increasing focus on trend analyses of adolescent mental health, yet too little attention is paid to the methodological challenges and pitfalls inherent in this type of analyses. The purpose of the study is to analyse the psychometric properties of a Finnish instrument on psychosomatic problems, with a major focus on Differential Item Functioning (DIF) across time. Questionnaire data collected in 1994, 1998, 2006 and 2014 among Finnish schoolchildren in grade 9 (15-year-olds) as part of the Health Behaviour in School-aged Children (HBSC) study were utilised. The polytomous Rasch model was used to examine the psychometric properties of a composite measure of psychosomatic problems. The results clearly indicate that the composite measure on psychosomatic problems consisting of nine items does not work invariantly over time. In particular, the item depressed shows DIF across years of investigations. This item works quite differently at the first year of investigation compared to the last year showing higher expected values 2014 (=less frequent problems) than 1994. This DIF affects the person measure of change in psychosomatic problems between 1994 and 2014. Resolving the item depressed for year of investigation DIF, or removing it, increases the difference in person mean values between the two years, implying increasing psychosomatic problems over time. Since the DIF affects the trend results, different options to address the problems need to be considered. Removing the item depressed would bring the Finnish measure of psychosomatic Child Ind Res (problems in better accordance with the content of the questions on psychosomatic problems in the international HBSC protocol in which the item depressed is not included.
Introduction
Adolescent mental health is a cause for concern worldwide. A recent systematic review of the international literature confirmed an increase in internalizing problems in the 21st century among girls while the results for boys were inconsistent (Bor et al. 2014) . Given the interest for trends in adolescent mental health, surprisingly little attention has been paid to the methodological challenges and pitfalls inherent in these kinds of analyses. In fact, retaining the questions in their original format and using standardised data collection procedures still seems to be the major criteria considered in trend studies. In cross country comparisons of adolescent mental health, the focus is mainly on the use of procedures for translation and adaptation of questionnaires from one language/culture to another. There are, however, examples of recent studies conducted with a focus on cross country comparisons of the operating characteristics of the questions that the analyses are based on (Cieza et al. 2015) .
Requirements for measurement invariance are commonly not brought up to front. In trend studies based on data from the Health Behaviour in School-aged Children (HBSC) study analyses of Differential Item Functioning (DIF) across years of investigations are uncommon, i.e. analyses of how individual items are functioning over time. Similarly, only a few analyses of DIF across countries of the HBSC-checklist on psychosomatic problems have been conducted (Ravens-Sieberer et al. 2008 ). In a recent paper based on international data from the HBSC study, time trends in psychosomatic problems in 35 countries were reported, without information about the operating characteristics of the instrument across time and between countries (Ottová-Jordan et al. 2015) .
An illustrative example of the challenges in making cross-country comparisons can be found in the field of educational testing, where a controversial debate about crosscountry DIF took place in the wake of the last survey of PISA, The Programme for International Student Assessment (Kreiner and Christensen 2014) .
In the present paper we are addressing methodological challenges in trend analyses, in particular issues concerning invariant functioning of a measurement instrument across years of investigations. While this may be the most decisive criterion in trend analyses, in practice it is often neglected. We make use of data on psychosomatic problems collected repeatedly with questionnaires in Finland, not only in Finnish but also in Swedish, which also is an official language spoken by about five per cent of the population (Statistics Finland 2014) , mainly in the southern and western parts of the country.
The purpose of the paper is to analyse the psychometric properties of a composite measure of psychosomatic problems, with a focus on the functioning of the items across years of investigations. The major research questions are a) if the instrument works invariantly over time, i.e. if there is any evidence of DIF across years of investigations; b) to what extent potential DIF may affect the trend patterns.
Methods
Data were collected as part of the Health Behavior in School-aged Children (HBSC) study conducted in collaboration with the World Health Organization since the 1980s. The HBSC-study is targeting students in grades 5, 7 and 9, and now includes more than 40 countries (Currie et al. 2012) . Data were collected with questionnaires which were completed anonymously in school classrooms. Participation was voluntary. Data collected at four points in time among Finnish schoolchildren are used. In the analyses conducted in the present study only data from grade 9 students are used, except for some DIF-analyses which tentatively also were conducted among the entire sample of grade 5, 7 and 9 students.
The total number of participants in grade 9 at each year of investigation was, 1994: 1716 (1194/522), 1998: 2145 (1545/600), 2006: 2168 (1670/498), 2014: 2476 (1935/541) . The numbers within parentheses refer to the number of participants in Finnish and Swedish speaking schools respectively. It should be noted that all students in these schools are not native speakers of respective language.
The participation rate in grade 9 in Finnish and Swedish speaking schools respectively at each year of investigation was, 1994: 88.7/92.1 %, 1998: 88.9/94.8 %, 2006: 84.5/86.5 %, 2014: 85.5/78.5 %. The HBSC questionnaire covers subjective health, including mental health complaints. The questions have been translated to Finnish and Swedish from the prototype questionnaire in English using a standard protocol, including back translation to English at the final step.
In the international reports on the HBSC-study only data from the Finnish speaking schools are included, and eight items are used to measure psychosomatic problems. While the Finnish data include the item depressed as an indicator of emotional problems, the item feeling low is used in other participating countries. Albeit not included in the international data set, Finnish data on feeling low are available in addition to the data on feeling depressed. This distinctive feature of the Finnish data set is utilized in the present paper by including both the item depressed and the item feeling low in the analyses. Hence, for the specific purpose of this study, nine items on psychosomatic problems are used in the psychometric analyses.
In Table 7 (appendix) the nine questions on psychosomatic problems are presented in English, Finnish, and Finland Swedish. For reasons of comparability of phrasing, the questions are also presented in the Swedish language spoken in Sweden since the Finland Swedish and Swedish languages differ somewhat concerning idiomatic expressions.
The response categories for all of the nine items, which are in the form of questions, are 'About every day', 'More than once a week', 'About once a week', 'About once a month' and 'Seldom or never'. The categories are ordered in terms of implied frequency and the higher frequency, the more the psychosomatic problems.
The phrasing of the questions has been the same at all years of investigations, except for the item feeling low in the Finland Swedish questionnaire which was changed in 2014.
The Model of the Analysis
The items were analysed using the polytomous Rasch model (Andrich 1978; Hagquist et al. 2009 ). The model was used to examine to what extent the data met measurement requirements of invariance and proper item categorisation enabling invariant comparisons along the latent trait as well as across time. Since invariance is an integral property of the Rasch model, misfit between the data and the model indicates lack of invariance in the functioning of a measurement instrument (Hagquist et al. 2009 ).
In the Rasch analysis the focus is on the operating characteristics of the items along the whole continuum of a latent trait, not on a single summary measure. In the polytomous Rasch model that comprises more than two ordered categories there are two item parameters, the item location and the threshold parameters. The thresholds are partitioning the latent continuum of an item into ordered categories, one more than the number of thresholds (Andrich 1978) . The item parameters are independent of the person distribution because they are estimated conditioning on the sum of the raw scores, which is a sufficient statistic (Andrich 2011) . Inversely, the person parameters do not depend on which items are used for the estimation.
It has to be emphasized that the Rasch model provides invariant measures only if the data fit the model. Notably, the view of the relationship between the data and the model is opposite to traditional statistical analysis in which variables are added in order to describe the data (Andrich 2013) .
The Expected Value Curve (EVC) is an excellent graphical tool to check the fit of the data to the Rasch model, complementing formal test statistics, such as the chisquare-statistic . In a polytomous item the slope of the EVC is a function of the distances between the item thresholds, i.e. the closer the thresholds are located, the steeper becomes the slope.
The EVC predicts the responses to the items as a function of the items and persons locations on the latent trait. These expected values are compared with the observed values. Ideally, the observed values should fit perfectly with the EVC.
Lack of invariance across different sample groups, e.g. gender and age cohorts, is commonly called Differential Item Functioning (DIF). This means that members of one sample group score higher on an item than members of another group, given the same location on the latent trait. This difference implies that two different EVCs are required, e.g. one for boys and one for girls, to predict the responses on an item. If the difference is the same along the latent trait implying parallel EVCs, the DIF is referred to as uniform; if the difference varies along the latent trait implying non-parallel EVCs, it is referred to as non-uniform .
While the EVC-procedure for detecting DIF is fairly new, there are also other approaches which estimate and compare item parameters from different groups, which are complementary to the graphical displays. Item location values for two or more groups, e.g. boys and girls, may be compared to measure the magnitude of uniform DIF for a specific item, while comparisons of the slope values between two groups provide a measure of the magnitude of non-uniform DIF (Andrich and Hagquist 2012) .
In DIF-analysis of an item set, several items may show evidence of DIF, comprising real DIF items as well as artificial DIF items. Real DIF is inherent to an item and affects the person measures, while artificial DIF does not since it is an artefact of the procedure for identifying DIF. The concepts of real and artificial DIF have recently been introduced and described using dichotomous (Andrich and Hagquist 2012) as well as polytomous data and focusing both uniform and non-uniform DIF .
In the present study graphical representations of DIF with reference to the EVC are complemented with two-way analysis of variance of standardised residuals (Hagquist and Andrich 2004) . In an analysis of potential gender DIF that procedure examines each item with respect to a class interval main effect, a gender effect and a class interval by gender interaction effect.
The Rasch analysis was performed with the software RUMM2030 (Andrich et al. 2014) .
RUMM2030 uses a pairwise conditional method of estimation for the item parameters in which person parameters are eliminated and the person estimates were obtained using a weighted likelihood method which reduces the bias in the person estimates taking the item parameters as known (Andrich et al. 2014 ). In the present study the unrestricted version of the polytomous Rasch model was applied, referred to as the partial credit model (Masters 1982) . In this version the distances between thresholds may vary across items, because the model allows the thresholds to take different values across the items.
Analysis
The summated raw scores of the students' responses across the nine items were nonlinearly transformed to a linear variable using Rasch analysis. Lower person estimate values on this psychosomatic problems variable mean higher degree of psychosomatic problems.
A test for multidimensionality was conducted based on residual principal component analysis providing two subsets of items. Independent t-tests of differences between person locations values from these two subsets of items were carried out.
Response dependency was examined by analysing the correlations between the item residuals.
In addition to a general level Rasch analysis among grade 9 students, a finer level analysis was conducted consisting of two parts: a) Analysis of DIF across years of investigations among four subgroups of students, differing with respect to gender and language spoken at school. b) Analysis of differences in item location values between the two content-related items, depressed and feeling low, among four subgroups of students, differing with respect to gender and language spoken at school.
The DIF-analyses were conducted at the item-level as well as at the person level. To provide measures of the magnitude of DIF, the items showing real DIF were resolved, which means that the DIF item was split into multiple group specific items, e.g. one for each year of investigation, in which the values for the excluded groups were treated as structural missing. After that resolution of the DIF item, the item parameters were compared between the groups. If there are several items showing DIF in the original analysis, the DIF items should not be resolved simultaneously but sequentially starting with the item showing the greatest F-value. The magnitude of DIF was also examined at the person level, e.g. by comparing the group differences in person mean values before and after resolution of the DIF-item.
Resolving DIF-items may be a way of taking account of DIF, but another option could be to simply remove the real DIF item(s). While removal of an item may decrease the reliability and person separation, resolving a DIF item will have only a small, if any, impact on the Person Separation Index (PSI). Therefore, often it may be preferable to resolve an item instead of removing it. However, resolving an item, like removing an item, may affect the validity implying that this procedure is only justified if the source of DIF can be shown to arise from some source irrelevant to the variable of assessment and therefore deemed dispensable.
In the present study, changes in mean person values were compared for three different item sets: the original set of nine items, an item set with the worse DIF-item resolved and an item set in which the worse DIF-item was removed.
The DIF-analyses were conducted with a sample size adjusted to the value of the order of 1000 with the Bonferroni adjustment (Bland and Altman 1995) of significance values applied for a Type I error level of 0.05.
At the final stage a set of eight items without the item depressed was analysed with respect to item fit, threshold ordering, DIF and local independency.
Results

Grade 9 Students -Original Item Set with Nine Items
The analysis of the entire sample of grade 9 students shows a high value of the PSI (0.79798), two items with significant misfit between observed and expected values and no item with disordered thresholds. There were also indications of local dependency: Ttests based on two subsets of items grouped by principal component analysis of residuals indicated that multidimensionality could not be ruled out. Also, analysis of residual correlations indicated response dependency: there was a correlation of the order >0.3 between items depressed and feeling low which means that the response on one item may have affected the response on the other item.
Analysis of DIF shows lack of invariance, in particular for the item depressed across years of investigations (uniform and non-uniform). There is also some gender DIF, but very little DIF across language, i.e. the items worked in a similar way for grade 9 students in Finnish and Swedish speaking schools.
In the following, the results from the finer level analysis are reported using graphical representations of DIF. The displays of DIF-items are presented along with graphs in which the DIF items are resolved, providing estimates of the magnitude of DIF based on the differences between item parameters for different groups.
In Fig. 1a-d Expected Value Curves for the item depressed in Finnish speaking schools are shown, distributed by years of investigations and gender. Figure 1a -d shows that the expected value for the item depressed is higher in the years 2006 and 2014 than in 1994 and 1998 among both boys and girls in grade 9 in Finnish speaking schools. This means that regardless of the students' locations on the latent variable, at the two first years of investigations the students score lower values (=more frequent problems) than at the two last years. This difference in functioning across years is confirmed when DIF is resolved. The estimates of the item parameters differ between the first two and the last two years of investigations. This applies to the location values as well as the slope values which are indicative of uniform as well as non-uniform DIF.
In Fig. 2a-d the relative frequencies of responses on the items depressed and feeling low in Finnish speaking schools are shown, distributed by years of investigations and gender.
The relative frequencies for the item depressed shown in Fig. 2a-d reflect the DIFanalyses presented in Fig. 1a-d . Among both genders, the item depressed and the item feeling low show opposite patterns with respect to changes over time. The proportion of students feeling depressed regularly is decreasing across years of investigations while the proportion feeling depressed seldom or never is increasing. In contrast, the proportion of students feeling low regularly is increasing across years of investigation while the proportion feeling low seldom or never is decreasing.
In Fig. 3a-d DIF for the item depressed in Swedish speaking schools is shown, distributed by years of investigations and gender. Figure 3a-d shows that the DIF across years of investigations is less pronounced among boys and girls in grade 9 in Swedish speaking schools compared to Finnish speaking schools. Comparing the first and last years of investigations, in 1994 boys and girls tend to score lower values (=more frequent problems) than 2014 on the item depressed, regardless of the students' locations on the latent variable. This difference in functioning across years is confirmed by resolving the item depressed. The estimates of the item parameters differ between the first and the last years of investigation. This applies to the locations values as well as the slope values which are indicating uniform as well as non-uniform DIF.
In Fig. 4a-d The relative frequencies shown in Fig. 4a-d reflect the DIF-analyses presented in Fig. 3a-d Fig. 2 The relative frequencies for item depressed and item feeling low. HBSC data from Finland 1994 Finland -2014 in Finnish speaking schools. Grade 9 students distributed by years of investigations and gender depressed seldom or never is increasing, while the corresponding proportion for feeling low is decreasing. Among boys the patterns are less clear.
In Table 1 item location values for the original set of nine items are shown for the entire sample of grade 9 students and distributed by gender and by type of school (language). HBSC data from Finland 1994 -2014 for all grade 9 students, and distributed by gender and by language of the school respectively. The lower the value of an item, the more severe health problems Comparing the items depressed and feeling low, Table 1 shows that the internal relationship between the two items differs across subgroups. Among grade 9 students as a whole, the location value of depressed is lower than the corresponding value of feeling low. Given the ordering of the latent scale values this means that depressed is a more severe item indicating more severe problems, while feeling low is indicating less severe problems. This pattern holds also for three of the four subgroups. A reversed ordering is shown for boys in grade 9. Regardless of their internal relationship, both the item depressed and the item feeling low belong to the group of items representing more severe problems within the set of nine items.
In Table 2 item location values for the original set of nine items are shown for different subgroups of grade 9 students.
Comparing the items depressed and feeling low, Table 2 shows a complex pattern. There is a reversed gender pattern for grade 9 students in Finnish speaking schools. Among girls the item depressed is more severe than the item feeling low, while among boys the relationship is the opposite. For Swedish speaking schools the gender pattern is consistent. Among boys as well as girls the item depressed is more severe than the item feeling low.
Grade 9 Students -Revised Item Set with Eight Items
The value for the PSI is 0.77532 in the revised item set without item depressed. The analysis of the entire sample shows no disordered thresholds. In this set there is only small, if any, evidence of response dependency, indicated by all item residual correlations being below the value of 0.3. Based on the outcomes from principal component analyses of the item residuals two sets of items were compared, and the differences between person locations values were assessed with t-tests. Comparisons between set 1 In Fig. 5 the person-item threshold distribution for grade 9 of the revised eight item set without the item feeling depressed is shown. Figure 5 shows that the person distribution is skewed to the right with a person mean value of about 0.9. Most of the item threshold values are located at the lower part of the variable (=more psychosomatic problems), while there are only a few threshold values at the upper part of the variable (=less psychosomatic problems).
In Table 3 item location and threshold values from the analyses for grade 9 of the revised set of eight items without the item depressed are shown. Table 3 shows that almost all items fit poorly according to the p-values based on the unadjusted sample size, but that the items fit much better based on the adjusted sample size of the order of 1000. No item shows disordered item thresholds which confirms that the ordering of the response categories is working as intended.
In Table 4 analyses for grade 9 of DIF of the revised set of eight items without the item feeling depressed are shown. Table 4 shows that there is no item showing DIF by year or by language in the analyses based on the adjusted sample size. There are some items showing gender DIF. The worse DIF items are stomach ache and feeling low, both with higher expected values (=lower frequency) for boys than girls given the same location on the latent variable.
Grade 9 Students -Comparisons of Person Measures Between Different Item Sets
In Table 5 the person mean values of psychosomatic problems are shown for different groups of grade 9 students along with PSI values, before, after resolving DIF and after removing the item depressed. Comparing changes in person mean values between the years 1994 and 2014 for the original item set of nine items, Table 5 indicates lower mean values over time for girls, in particular in Finnish speaking schools, i.e. increasing psychosomatic problems. Resolving the DIF-item depressed for year amplifies the differences in mean values for girls between the first and last years of investigations, implying increasing psychosomatic problems. Among boys the changes are minor. Before resolving the DIF-item the mean values for Finnish speaking boys are the same for 1994 and 2014, and for Swedish speaking boys marginally higher (=less problems) 2014 than 1994. After resolving the DIF-item there is a small difference for Finnish speaking boys, with lower values (=more problems) in 2014 than 1994. Removing the item depressed instead of resolving the item has roughly the same impact on person measurement. While removal of the item depressed decreased the PSI, the values stayed about the same for the item set with the item depressed resolved for DIF as for the original set of nine items.
Grade 5, 7 and 9 Students -Revised Item Set with Eight Items
In Table 6 item analyses for grades 5, 7 and 9 of DIF of the revised set of eight items without the item feeling depressed are shown. Table 6 shows that the item feeling low has significant class interval effects in all DIF analyses conducted. This item is over discriminating meaning that persons at the lower end of the variable are scoring lower (=higher frequency) than expected while persons at the upper end of the variable are scoring higher (=lower frequency) than expected. The item stomach ache shows gender DIF with higher expected values for boys than girls. The items backache and dizzy show DIF with respect to grade with higher expected values for grade 5 than grade 7, and for grade 7 compared to grade 9. HBSC data from Finland 1994 Finland -2014 . Grade 9 students distributed by gender and language of the school. The lower the value, the higher degree of psychosomatic problems 
Discussion
The purpose of the present paper was to analyse the psychometric properties of a composite measure of psychosomatic problems based on data from Finland, particularly with respect to Differential Item Functioning (DIF) across years of investigations.
The results from the current study clearly indicate that a nine items measure of psychosomatic problems does not work invariantly across years of investigations. In particular, the item depressed shows DIF across years of investigations. This item works quite differently at the first year of investigation compared to the last year showing higher expected values 2014 (=less frequent problems) than 1994, given the same location of the persons on the latent trait.
The DIF-pattern also holds for all subgroups but is most pronounced for students in Finnish speaking schools, in particular girls. This DIF does affect the measure of change in psychosomatic problems between 1994 and 2014. Resolving the item depressed for year DIF changes (increases) the difference in person mean values between the two years, which also confirms that the DIF is real, not artificial . Hence, the DIF suppresses an increasing trend of psychosomatic problems among adolescents.
The analysis of the internal relationship between the items depressed and feeling low also shows some unexpected results. Usually, feeling depressed is assumed to reflect more severe health problems than feeling low. However, the results reported in this paper partly contradict that hypothesis. Among boys in grade 9 the item feeling low turns out to be a more severe item than the item feeling depressed.
The direction of the DIF across years of investigations for the item depressed may come as a surprise. At first glance it would be reasonable to expect an opposite direction of DIF across years because of greater proneness to report emotional problems and decreasing stigmatization over time. Given the increasing focus on adolescent emotional problems, rising awareness of the actual meaning of being depressed could be an alternative explanation of the decreasing number of students feeling depressed.
Since the DIF is shown to affect the trend results, consideration of different options to address the described problems is advisable. Some knowledge about the sources of the DIF is desirable in order to guide a decision about what to do. From a content perspective the key issue is if, and which, societal changes in attitudes, values and knowledges may explain the time DIF for the item depressed.
As a methodological rule of thumb, neither removing nor resolving items is justified solely based on statistical criteria e.g. significant DIF. Evidence of the sources of DIF, e.g. whether the perceived meaning of the item depressed has changed over the years among Finnish adolescents, would facilitate a decision about what to do.
Since no external information allowing for firm conclusions is available about the sources of the detected DIF, in the following a possible hypothesis will be discussed with reference to changes in the Finnish school curriculum. In 2001 health education became an independent school subject in both compulsory schools and in upper secondary schools in Finland. Although health issues had been taught in Finnish schools for many decades, mainly in connection with physical education, as an independent school subject health education was reoriented towards a more comprehensive understanding of health (Paakkari and Välimaa 2013) . Because of an increasing number of health education courses, there are nowadays more possibilities to focus topics on mental health (Finnish National Board of Education 2014). These changes as well as an increasing focus on mental health issues in media may have raised the awareness among adolescents about the actual meaning of different mental health concepts and helped to distinguish between them.
In general, resolving instead of removing DIF-items is preferable because removal of an item is likely to decrease the precision of measurement whilst resolving an item is not. Recalling that the Finnish set of eight psychosomatic items that have been used in the international HBSC data set deviates from the HBSC protocol, removing the item depressed seems to be the best option in the present analyses of the Finnish nine items set. That action would also provide a set of eight items in better accordance with the content of the measure of psychosomatic problems described in the international HBSC protocol. Furthermore, as a whole the revised set of eight items without the item depressed works well among grade 9 students, but there are some items showing evidence of DIF across genders. Whether these DIF items should be resolved or retained in their original format is a question to be addressed in further analyses.
Conclusion
According to the result of the present study a composite measure of nine psychosomatic problems including item depressed does not work invariantly across years of investigations among grade 9 students in Finland. In what ways the results and conclusions presented in the current paper should affect the use of the Finnish data as part of the international HBSC data set is an issue to be addressed by the HBSC data management group among others. In doing that, finer level psychometric analyses also including grades 5 and 7, need to be taken into consideration. The study challenges the traditional view of interpreting results from trend studies dealing with mental health of adolescents solely from the perspective of whether the questions have been retained in their original format and/or whether data were collected by standardized procedures. 
